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SUMIARY

A muit.ldimensional descriptive study of feline lymphoma was

.ertorae using age, sex, cell type, and tumor location of 1733 cases.

.Ie incerac:ions between these 4 variables were determined and interpreted

zcacist-cailv. Particular consid:eration was given to the relationships

,i ,sz.:a tumor location, age to sex, and tumor location to cell type,

twnin w,,ere snown to be the major interactions in the study. The use of

.omnu~cr analysis of the multiway frequency table is discussed. The

iu-gesilon is offered that investigators consider the use of the

ri. u-.--'encv taoie wnere possible in future studies of various

co ennance tiie depth of their conclusions.
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Characteristics within a disease popuration can sometimes help to

define the dise.ase itself. These characteristics or variables rarely,

if ever, exist without some mutual association to each other. Employing

these associations or interactions as a foundation for a biological

hypothesis, the total picture becomes more complete if one examines all

interactions simultaneously. Incorporating many variables in a descriptive

stuc,. zends co emulate nature more closeiy, but the issue of explaining

the interacticns becomes more difficult if too many variables are used.

Since data in -enerai have a quality of randomness, it follows that the

more 2.':r. aoLs axamined in a population study, the larger the sample

size sauuia be to assure adequate representation of those variables.

i~al-nant -Ivmpnoma is considered the most frequently occurring

*anzer in cac, and is associated with a virus. feline leukemia virus

61he -4f'.-reiaceOd incidence rate of the disease is bimodal, peaking

at around ' and i0 years. .Iales have a 2-fold excess in incidence over

femaies. :Iales ;eak in inciudence at about 7 years of age. Females peak

at loout i -,-oar. According to some, malignant lmpnoma has certain

distinct cell t'pes. 3~' ' 
0 Others feel that the various types are

manifestations of the same cell, but simply in different stages of

maturation. From the standpoint of tumor location, .he internal

form (viscerai) is much more common in cats than the multicentric or

solitary forms.

A method of simultaneous examination of numerous discrete variabLes

exists using a muitiway frequency table. LZ The number of patients

studied must be at least 10 times the number of cells in the table.

This study presents such an analysis involving age groups, cell type,

sex and tumor location of feliue malignant lymphoma.

iAK,



.. ater- i na : ,.!nods

:,.u scuu% was conducted using the records of the Alameda/Contra

.osta Animal Neopiasm Regiscry. A complete description of the registry

i
: o resencei in :he Literacure. Tumor submissions were chose first

aianosed between January 1970 a--d December 1978. A total of 1728 cases

",in c=pDiece information was submitted during that period. For this

uaiV, aca :ase was categorized by sex (neutered female, intact female,

euterea maie, intact male); age grouD (0-a years, 5-8 years, 9 years or

4
der: ,t'-or !ocation (abaominai. :horacic, muiticencric); and ceil

-. i--noc": z wi.-d erentiae irmnocic poorlv-differentiated.

74a. age grouos renresent young, mid-age and old animals,

- e.', Ina reoresent the -wo peaKs and the trough of the bimodal

.--rc~a: a ::.c;ence. The foilowing codes were used to designate he

aA-agt, -sex, C-ceill type, and .- tumor iccation.

• .=ss-c fE~oaton ot the 1728 cases over the variables created

mu .. wav ..2auencv table Table 1). it consisted of 108 cells, 5 of

•;nig 'n, aa zero :recuency, prooably due to sampling variations and would

2e .)xoec :c ;e non-zero if the --amoies were bigger. Et is unlikely

-.7ith rne e samie size -n this study that anly empty ceils would have

.xrue z:d value of zero. "he zero frequencies were replaced by a

.r2quency )f one co facilitate comoticer analysis, thereby augmenting the

samoie iize co L733 cases.

.naivsls of the muitiwav frequency was done using a program

designated, 2MDP3F. ' This particular program tests for associations

among, :ne variables tbivariatc and more complex) by fitting models

invoiving the variables. The guai of this type of analysis is to find a

model chat has minimal complexity while exhibiting good fit, which is

then identified as the "best" model. For each model fit, the program
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)rincs a c2oodness of fit statistic, G thd log-lklho ai. Ti

stacisziz, for large samples, is equivalent to the Pearson chi-square

statistic. G is calculated as:

all ~lo observed

L a expectedj

A si~nifical larze r, statistic indicates a significant discrepancy

between :zie observ.ed frequencies and those expected for that model. The

?rogram has zhe capability of calculating the G_ value for all models of

increasing comn-lexity starting from the Complete 4ndependence model.

AWKI--a ;::na present scuav. co the completely saturated model,

CASLC). AS nne models tested become more complex. che (7 value becomes

smaller. Lndicating a better fit. The changes in G_ between adjacent

moceLs w:itai corresponding changes in degrees of freedom are used to test

whether .acr(2asingl the compliexity of the model achieves a significant

:mporovement -:a urie goodnless of fit.

--here tac number of possible models is large, a screening procedure

is-,aiiabie co nielp focus on the several models that might be

aooo~rac, ciie ilminat--ing -.',ose models tthat warrant no considerationi.

The program automatically prints G 2 statistics for the complete

Ladependence model (A)(S)(L)(G) in the present study; the all possible

first-order i;nteractions model (AS)(AL)(AC)(SL)(SC)(LC); the all possible

second order interactions model, (ASL)(ASC)(ALC)(SLC); and so forth if

higher order interactions are possible. The "best" fitting model usually

will be a mocei in (ompLenzity somewhere between the most complex model

automatically Fit indicating lack of Fit and the least complex mocel

automatically fit iadicating good fit. It is between these two mlode~ls

that subsequent search efforts are directed. The search may be

j accomplished by fitting all models in complexity between these two models

MAL&



'r ." u a scepwse selection procedure.' The forward stepwise

.- cure s-arzs with the least complex model automatically fit

.a ita.. Lack of fit and in a stepwise manner adds higher order

.erac ns uintil a good fitting model is achieved. At each sten the

.ra -a dded is that which produces the most significant reduction

.a :-e ;.=e oi :-e G-obtained for the model of the previous step. The

-3.2occ-lon nroceaure stops at that steo when the remaining interactions

annot roatuce a statistically significant reauction in the size of G.

-he oAc. .wara aiiinatzion oroceaur2 starts with the most complex model

- --...--'--V - -icain ooq1 riz ana in a stepwise fashion removes

:n2 nil'nes: craer inzeractlons until a model is fit that no ionser

-itS , :oc -d. At each steD the interaction removed is the

..iic --nen removea makes tne Least impact on the size of the

--- - oresent 3tud'; tne screening procedure was used

• -otn :ne :urwara staowise ann backwzrd elimination proceaures.

-ossLbie models were fit as a check.

}.
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Re suiCS

.he inicLal screening showed that the observed data were not

:zompaible with the complete independence model and that the model

zoncaining all :ossible first-order interactions gave a good fit.

.1deLs invoLvin z second- and third-order interactions were excluded from

fur:r.er considerazion. The best fittina model therefore was between

(A) S)(L)(C) ana LAS)(AC)(AL)(SL)(SC)(LC).

s..14iiz inconsistency emerged in the forward steDing proceaure.

7he searcn went through ; steps. 7ielding two models:

AL ) "AS LC) (SC) (AC) 1)

ar.U

_AL,(AS)(LC)(AC)(SL) (2)

Thiese riwo meceis were both indicated as suitable because Lne change

.a '- , tan :z!ween inclusion of (SC) or "SL) was very close.

"i: t,-)e Jackward elimination proceuure, :he seieccion stoDpea

aiter 'A-C) was removed, !ieLdin z mode- 1Z) above. in light of this

inc- rtan -:,,  wouid be usrifiable co usa either model above, or the

nmdC±i '¢nuh .ai..) _ner _ios

(AL)(AS)(LC)(AC)(SL) (SC) (3)

7n tne ftrwaru seoping procedure, major reduction in G- at step i

'ouid have )een maae by including any of the interactions, (AL), <AS),

or ,LC) in the model. In fact, they were the first 3 interactions

inciuded in the model and represent the three strongest interactions.

The remaining first-order interactions were of a lower magnitude as

, nown by tneir lesser impact on G at step 1.

Since the final model conrained nothing higher than the first order

(bivariate) interactions, further statistical interpretation was possible

by cuilaDsitg the a-way table (Table I) to a series of 2-way tables

a...
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7,2esenIt-nz eacn of the interactions (Tables 2-7). Each cross

. "ias3::aCton of Tables 2-7 contains 2 numbers. The upper number is

:ie ooservea frecuencyr for that cell. The lower number is the ratio of

bce~s:i frequency to the expected frequency.

-.1 ,:hi sauare values for Tables 2, 3, and 4 were above 90 and

rinresant zane strongest bivariate reationshios exhibited in the data.

bie i- describes the relationship between age and sex, and indicates

aac ".o'un intacr cats of both sexes occur more frequently than expected

:,,.e samoie. Additionally, fewer than expected intact animals of both

S, .:urrea in t=e mid-ave and old-aee -rouos. For neutered animals

v:fen A:-;es zae reverse age pattern was noted.

bia 3 compares age to tumor location. 7n young cats, there was

a v azdominai cumors and an abundance or thoracic tumors. in

-na .a-a~~ -aLs, tne abdominai-thoracic tumor pattern was reversed.

71e zuic2ntruc :mors showed iiftie if any age predisposition.

a al -. , :he observed number of muiticentric and abdominal

u ;:s n ne nisciocytic cell type was higher than expected, while

... . .l-. ma :)oory7-differentiated lympiocyric ceil types in multicentric

-nd iodorunaI iocaLions were observed to be fewer than expected. Well-

nd -oarl'-ciIfferentiated lympnoc,7tic thoracic tumors were abundant

wnil a ist-ocVtic tumors of the thorax were sparse.

Although the chi square values for Tables 2-7 were all significant.

those for Tables 2, 3 and 4 were considerably higher and the

obsor';e:exoected ratios for Tables 2, 3 and 4 generally had a wider

var ,tion from a value of one. Nearly all the observed frequencies in

Table 5 'cell type by sex group) were close to the expected frequencies.

The txceotion to this was the paucity of histiocytic cell types among

intact females and of lymphocycic well-differentiated among neutered

[ ,
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males, as well as a mild abundance of lvmphocytic poorly-differentiated

among intact females.

Table 6 is somewhat difficult to summarize. Suffice it to say that

among young animals there was a paucity of the histiocytic cell type and

that among the mid-age and old-age groups the histiocytic tumors were

more abundant than expected.

In Table 7, it appears significant that the "female" row provided

most of the departures from expected frequencies; that is, more thoracic

and less abdominal and multicentric tumors than expected.

Discussion

Some of the reasons for conducting a study such as this are to

define certain associations between disease characteristics that may

suggest interactions of various biological phenomenon; or to point out

a possible similarity with results of studies conducted from a different

prospective, but arriving at the same point. Additionally, this study

illustrates the use of the multiway frequency table analysis, a

procedure not too often used in medical research.

A second-order interaction is one in which the pattern of

association between 2 variables is dependent on the level of a third

variable. One can perceive from this how a third-order interaction may

behave. It is unfortunate that only first-order interactions emerged

from this study, but the method of analysis is illustrated. Without

this method, it would be tempting to conclude that trivariate and higher

interactions do exist, based on only visual inspection of the tables.

Such a conclusion would be done without the benefit of any statistical

interpretation such as was attempted here.
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3tudies iave shown that age plays a part in initiation of the

iisaaie. ')t the intact animals in our study, perhaps natural

aeiection through lack of resistance eliminates them from the Population

it a voun ,,e. ieavinq fewer than expected in the older groups. On the

, -:ana. since rhe reverse --as true of neutered animals, perhaps sex

.. r.-nes 01a: i nart in exDression of the disease, once infected with

-e ;~rus.

r-:: and oossiblv an explanation of the paucity of histiocvtiz

.2- -_'tves *n tnoracic tumors might be cound in a study of human

-g~ -;--u Lma Dac z:s n Saudi .raD a in wnich there was a

a.o a .-7r nisrlocvric cell types 1:o -resent as abdominal lesions.

..zot::2r m:,an .szudv inuicates that a Predominance of one B cell line

' ;-c': we-uiferentiateo ipcc-Cic -e.l :-ype and cases

_ :3 c eL popuiacion are primarily of the poorly-

inoctiz ceil :'.-pe. This same raT ort suggests that

u-! .norofeicLic studies of :he aisease 3hould include simultaneous

Using th.e muitiwav frequencv table, one

. :i c su4es.i on :c include tumor location, which was saown

-_a Lcrac: .'ro: ly wLth ceil :vpe i our study. Some say thoracic

7::Cs .'rc 7rimariiy T seils .!id abdominal tumors are 3 cells.'92

.Ai_1oui -his studv was intenued mainlv to further characterize the

disease. Licditionai studies using the same techniques but with different

variadles may shed light on prognosis and therapy of the disease.

* ,
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.2E :--- .i' av frequencv taole of 1733 cases of feline

'- :onosarco.a grcuped by age, sex ceil type and tumor site

No. of cases by age

o- ie: Younc MiddLe Old

30 0

.2, 13

'.-1: 5 13 17

-" 26 -. ..

70

_0

'j, NF 17

N 19 
4

:{s:NF 23 2I  S1
27 6

67 57 36

44 21 L6

Poor NF 18 3 12

F 25 2 S
M: M 40 i7 17

M 1 30 5

I' •

I! . .., , ..
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Thoracic %'Ol NF 25 2 2

F 38 (0) 1.

NM34 62

M 32 41

s N 16 3

F 15 2 (0)

M 2r)0 (0)

N1 F 2

28 6 (0)

NI'!36 133

.. ~L. ~ eiL-difz'araflaaced; ifist =i istiocyti4c;

_7-e urred ft~aale :eraic. IN neutered ,,i.> ae

-irile v.alue of Ifor coniouzaciun purposes.
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ABLE _2- ;ari~ae relationship of age to sex (AS)

Sex

intact Neutered Intact Neutered

ale ale femaie female

:uu bse r-.eo _82 347 207 233

I.c ;L 1.172 0.340 i.:38 0.940

M!i-:z )bs.erva: ;2 19532 72

3.397 0.567 0.360

: C' 40 ,-,-S 97

. 3 5 0.75.380

hi , - . i h -i d.Z. p j.Oi.

eve :r en expuctd freguenicv.

I
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TA2LE 3-ivariate relationship of age to tumor location (AL)

Age

" cacion Young Mid-age Old

,ui, Lzen -riZ Observed 393 136 108

Ratio 1.000 1.025 .970

.\baominai Observed ?53 169 172

?at ia 0. 824 1.169 1.418

Joraic Observed 323 56 23

Ratio 0 0.69 3.327

S uara 102.339 wich 4 d.i. 0 < 0.001.

_,iLio: Observed 5requeiicv/enpectad frequenicy.

IA

'....
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.\2Lz '--i', e .!a0Lnship of tumor location to cell type (LC)

Tumor location

c.2L i " Muiticentric Abdominal Thoracic

Observed 154 145 148

;eRtio o.937 0.810 1 427

_s : Observed 326 363 95

7-1 t :.Q .131 1.156 0.522

cv:c. po - Observesi -1, 186 159

ttfr-nCat:u -atio O.t ii 0.925 1.365

" .4. : L-n -4 d. £ < 0.001.

., ;sorved crequency/expected frequency.

I.

a

: i
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TABLZ 5-ivariate elationshio of sex to cell type (SC)

Sex

Intact Neutered Intact Ne -ered

C a i l ype M a l e m a l e F e m a l e f e m a l e

L . p n o c - 'ti o. w e ~l - Obs u r v e d 1 0 3 15 0 3 3 1 1 l

differenc._ated 7atio 1. '4 0. 86 1.187 1.070

o bserved L77 323 93 !86

lic 1.003 '.082 0.739 1.023

Lv hoc v't:2. 2oor :,- Observad 1i0 192 95 105

dit: f f.-re I- t C- ' 7 !.989 L.210 0.902,

Chi :; uare : '.3206 wiih 6 J.f. L- 0.003.

.a t f o : )b-e,-veo zr e q ue n cv e xP e c r c ci f r e q u e n c y .

I
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.* 3L2. '-- ',:,-ariate relationship of age to cell type (AC)

Age

Young Mid-age Old

- "cii- Observed 311 69 67

Ratio 1.12s 0.741 0.357

- bserved 434 184 i66

Litio 0.1097 1.17 .211

: )oori-- Observed 324 L08 70

: Ratio 1.046 1.033 0.798

= 30.33 wicn 4 i.f4. < 0.001.

. :)bserveQ requencv/expectoc frcquencv.
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TA.BL7 7-3ivariate relationship of sex to tumor location (SL)

Intact Neutered Sxintact Neutered

Locacicn male maie female female

,lulic cntr4 c .bserved 145 251 83 158

.ai,1.011 L.319 0.833 1.069

Abom o-nal jbser-vea -5() 294 95 155

1.960 L.396 .87 5 0.963

Thorai )bserved 95 125 93 89

1.3)50 2.04 1.3 79 .5

'hia .;ma _9.3)215 .,Jzh ~ .. p< 0.0,01.

7,--t i: *Thserved ffrea!'u2VCyrn eCL"ad S reiuencv.




